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卸売市場協会統計，2016）によると，2000 年に 166 万鉢であった取扱数量は，
2007年以降約 220万鉢前後で推移し，2015年は 223万鉢で最も多い取扱数量と
なった（Fig. 1-1）．また，取扱金額は 2000年の 12億 6282万円に対し，2015年
は 15億 3792万円に増加した（Fig. 1-1）．鉢物全品目の取扱金額に占めるアジサ
イの割合は 2000年の 1.4%に対し，2015年は 2.6%となり，重要な鉢物花き品目
となっている（Fig. 1-2）．2015年の東京都中央卸売市場フラワーオークションジ
ャパン（FAJ）における鉢物アジサイの主な産地別の出荷割合は，愛知県が 35.3%，
群馬県が 30.4%，埼玉県が 12.7%，千葉県が 6.1%，そして栃木県が 4.4%である

































溶液の pHが関与している（Kondoら，2005；Takeda ら，1985a，1985b，1990）． 
デルフィニジン 3-グルコサイド溶液は，pHが 3以下の酸性条件で赤色を呈する































































































Table 1-1-1 Hydrangea cultivars or lines used in this doctoral dissertation. 
Stable red cultivars or lines.
Ruby Red HH9 HH13 HH19
Stable blue cultivars or lines.
Blue Sky HH11 HH12
Variable-color cultivars or lines.
Frau Yoshiko Frau Yoshimi HH2
Kirakiraboshi Frau Yoshimi







Table 1-1-2 Hydrangea cultivars or lines used in this doctoral dissertation. 





Kirakiraboshi Jougasaki Bodensee Frau Yoshiko





Frau Yoshimi Peach-hime HH2   HH6    










Fig. 1-1 Circulation amount of the potted Hydrangea plants. The Japanese flower 








































































Fig. 1-2 All potted plant handling amount of money and percentage of Hydrangea to the 



















































































Percentage of Hydrangea to the total potted plants























Fig. 1-3 A variety of sepal coloration of Hydrangea plants. (A) Pink coloration, ‘HH19’. 
(B) Red coloration, ‘Ruby Red’. (C) Purple coloration, ‘HH7’. (D) Blue coloration, 
‘HH17’. (E) White coloration, ‘Royal-white’. (F) Green coloration, ‘HH6’. (G) Autumn 










































































































Hydrangea cultivars have property to change the sepal coloration among red, 
purple, and blue depending on cultivation soil conditions. Chelation of aluminum ion by 
anthocyanin and 5-O-caffeoylquinic acid, which can be composed in the sepal cell 
vacuole at pH 4 or higher, is responsible for the blue coloration. It is understood that 
aluminum contents accumulated in vacuoles of the colored sepal cells through 
absorption from soil determine the coloration. In this doctoral dissertation, the ultimate 
purpose of this study being development of stable coloration technique required in 
Hydrangea production industry, I tried to detect a key factor to generate variability of 
Hydrangea coloration by comparing contents of the coloration-related components in 
the sepals. 
In this study, I compared the contents of coloration-related compounds in red and 
blue sepals of stable color cultivars and red and purple sepals of variable color cultivars 
grown in acid soils and alkaline soils. I obtained results to support previously presented 
idea that less content of 3-O-caffeoylquinic acid is necessary for generation of blue 
sepals. On the other hand, significant difference could not be found in contents of 
aluminum related with sepal coloration. This suggests that different from previous idea, 
content of aluminum in the sepals is not a factor to regulate the sepal coloration of 
Hydrangea, including variability of the coloration.  
I thought that another factor to regulate Hydrangea coloration must have following 
conditions: 1. Inhibition effect on construction of aluminum chelation, 2. Supply from 
soil depending on the soil acidic condition and 3. Relationship between its content and 
soil condition causing sepal coloration change. Here I concerned phosphoric acid as 
another factor. I analyzed contents of phosphorous, which is a constituent element of 
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phosphoric acid, as well as contents of the coloration-related compounds in sepals and 
studied relation of these factors to the coloration using sepals of F2 populations of 
different coloration. The content of phosphorus contained in the blue sepals specifically 
distributed in lower region than those of the red purple and red sepals. In vitro 
coloration experiments based on composition ratio in the sepals, coloration of solution 
containing delphinidin 3-glucoside, 5-O-caffeoylquinic acid and aluminum at pH 4.0 
changed from blue to red and λmax of the absorption spectra shifted to shorter 
wavelength region by addition of phosporic acid. Phosphoric acid can inhibit chelation 
responsible for the blue coloration. These results support an idea that phosphoric acid is 
a factor to regulate coloration of Hydrangea sepal. 
Hydrangea sepals show seasonal coloration change; summer coloration once fades 
and expresses green and then again newly colored in autumn. In the autumn color, sepal 
whose marginal tissue is white in the summer shows uniform color, indicating that 
positional anthocyanin biosynthetic regulation mechanism is different between summer 
and autumn color. In addition, light requirement for the anthocyanin biosynthesis is 
indicated in autumn color. I identified cyanidin 3-lathyroside as major anthocyanin of 
autumn color as well as cyanidin 3-sambubioside previously reported. 
Because blue color expression of autumn color is related with that of summer color, 
I verified possibility that similar coloration mechanisms operate in autumn color to 
summer color. Cyanidin type anthocyanin solution changed bluer by addition of 
5-O-caffeoylquinic acid and aluminum and showed blue-purple coloration like the 
autumn color sepal. 3-O-Caffeoylquinic acid did not have the effect. The contents of 
3-O-caffeoylquinic acid in blue-purple sepals were less than sepals of red and 
red-purple sepals. Similar to the summer colors, the blue coloration in the autumn color 
is responsible for chelation of aluminum ion by anthocyanin and 5-O-caffeoylquinic 
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acid and less content of 3-O-caffeoylquinic acid is necessary for generation of the 
blue-purple sepals. However, unlike summer color, phosphorus content was not related 
to sepal color in autumn color. 
Presentation of the new concept that a major factor to regulate coloration of 
Hydrangea sepals is not aluminum but phosphorus acid is a major achievement of this 
doctoral disseration study to change the previous idea and give impact on cultivation 
method Hydrangea production industry. Knowledge of autumn coloration mechanism 
obtained in this study also contributes to regulate stabel and uniform autumn coloration. 
 
 
